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Abstract. We observed the thirteen extragalactic radio sources of the complete S5 polar cap sample at 15.4 GHz 
with the Very Long Baseline Array, on 27 July 1999 (1999.57) and 15 June 2000 (2000.46). We present the maps 
from those two epochs, along with maps obtained from observations of the 2 cm VLBA survey for some of the 
sources of the sample, making a total of 40 maps. We discuss the apparent morphological changes displayed by 
the radio sources between the observing epochs. Our VLBA observations correspond to the first two epochs at 
15.4 GHz of a program to study the absolute kinematics of the radio source components of the members of the 
sample, by means of phase delay astrometry at 8.4 GHz, 15.4 GHz, and 43 GHz. 

Our 15.4 GHz VLBA imaging allowed us to disentangle the inner milliarcsecond structure of some of the sources, 
thus resolving components that appeared blended at 8.4 GHz. For most of the sources, we identified the brightest 
feature in each radio source with the core. These identifications are supported by the spectral index estimates for 
those brightest features, which are in general flat, or even inverted. Most of the sources display core-dominance 
in the overall emission, as given by the core-to-extended ratio in the 15.4 GHz frame, Q. We find that three of 
the sources have their most inverted spectrum component shifted with respect to the origin in the map, which 
approximately coincides with the peak-of-brightness at both 15.4 GHz and 8.4 GHz. 
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1. Introduction 

This paper is the second of a series aimed at conducting 
absolute kinematics studies of a complete sample of extra- 
galactic radio sources, using astrometry techniques. The 
sample consists of the thirteen sources from the S5 polar 
cap sample, selected by Eckart et al. (1986, 1987) from the 
S5 survey (Kiihr et al. 1981), that satisfy the following cri- 
teria: (i) S > 70°, (ii) |6ii| > 10°, (iii) S'sghz > Uy at the 
epoch of the survey, and (iv) 012.7, sghz > —0.5 {S ^ j/+"). 
Hereafter, we shall refer to those thirteen radio sources as 
"the complete S5 polar cap sample" . 

We described the goals of our astrometric program in 
Ros et al. (2001, hereafter Paper I), and presented 8.4 GHz 
VLBA maps obtained at two different epochs, 1997.93 and 
1999.41. We refer the reader to that paper for further de- 
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tails. We recall here that this ongoing astrometric program 
is intended to test the absolute kinematics of the inner- 
most regions of the sources of the complete S5 polar cap 
sample, with precisions better than ~(20 to 100) /ias, de- 
pending on the observing frequency. We expect to obtain 
such accurate results only after the mapping and astro- 
metric reduction of our observations are completed. The 
determination of the detailed kinematics of the compact 
components of the complete S5 polar cap sample will prob- 
ably be a decisive element in our understanding of the 
activity around the cores of these compact radio sources, 
and in a definitive test of the standard jet model. 

We present here our 15.4 GHz maps obtained with the 
Very Long Baseline Array on 1999.57 and 2000.46. We 
also present maps obtained from observations of some of 
the sources of the complete sample that are targets of 
the 2 cm VLBA survey (Kellermann et al. 1998, Zensus 
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et al. 2002). We discuss in detail the apparent changes in 
the brightness distribution of some of the radio sources 
during the time covered by the 15.4 GHz observations, as 
well as a comparison with the results presented at 8.4 GHz 
(Paper I). Throughout the paper, we use a Hubble con- 
stant i7o=65 /ikms~^ Mpc~^ and a deceleration parame- 
ter qo=0.5. 

2. Observations 

We observed the complete S5 polar cap sample at 
15.4 GHz on 27 July 1999 (epoch 1999.57) and on 15 June 
2000 (epoch 2000.46) with the VLBA, each time for 24 
hours. For the first epoch, we used the standard VLBA 
recording mode 128 8 1 (data rate of 128 Mbps, recording 
in 8 IFs of 16 channels each), in left circular polarization, 
thus yielding a total bandwidth of 64 MHz. For scheduling 
reasons, in our second epoch wc used the standard record- 
ing VLBA mode 64-4-1 (data rate of 64 Mbps, recording 
in 4 IFs of 8 channels each), also in left circular polar- 
ization, yielding a total bandwidth of 32 MHz. All data 
were correlated at the VLBA Array Operations Center of 
the National Radio Astronomy Observatory (NRAO) in 
Socorro, New Mexico, using a basic integration time of 
4 s. All radio sources were detected and provided fringes 
for all baselines. We cycled around in groups of three or 
four radio sources, with duty cycles of about 5min. Every 
scan was 55 s long, and antenna slew times were ^ 20 s. 
We replaced one or two members of the group of observed 
sources by new ones every two hours approximately, until 
all thirteen sources of the sample had been observed. We 
tracked the clock behaviour — of relevance for the astro- 
metric analysis — by including some scans of BL 0454+844 
in all groups observed during the first (second) half of 
the experiment on 27 July 1999 (15 June 2000), and of 
BL 2007+777 in all groups observed during the second 
(first) half. 

After fringe-fitting the correlator output, we obtained 
correlation amplitudes for each source. We calibrated the 
visibility amplitudes in a standard manner, using the 
antenna gain and system temperature information pro- 
vided by each station. We then used the Caltech VLBI 
Package (Pearson 1991) and the dilference mapping soft- 
ware DIFMAP (Shepherd et al. 1994) to obtain the radio 
images shown in this paper. 

3. Imaging results 

We imaged all thirteen radio sources using standard hy- 
brid mapping techniques. We found minor amplitude cal- 
ibration problems for the Saint Croix antenna at epoch 
1999.57; the noise level was high for most of the observ- 
ing run. Nevertheless, we used the data for Saint Croix, 
since it provides long baselines, and hence high resolution. 
We show the maps obtained in Figs. 2 through 14. In all 



figures, east is left, and north is up. We list the main pa- 
rameters of those maps in Tables 1 and 3. 

Wc also present images of several sources of the S5 po- 
lar cap sample obtained from observations of the VLBA 
2 cm Survey that were relatively close in time to our ob- 
servations. We used the same data reduction and standard 
hybrid mapping techniques that were used with our own 
data. To distinguish the 2 cm VLBA survey maps from 
ours, we have labelled the latter "2cm survey". 

We now proceed to discuss the apparent morpholog- 
ical changes displayed by each of the radio sources of 
the complete polar cap sample, as seen from 15.4 GHz 
VLBA observations made in 1999.57 and 2000.46, com- 
plemented with maps of some of the sources, which we 
obtained from observations of the 2 cm VLBA Survey 
(Kellermann et al. 1998; Zensus et al. 2002; see also 
http://www.nrao.edu/2cmsurvey). To quantify the mor- 
phological changes displayed by the radio sources, we 
used the tasks modfit and erfit of the Caltech pack- 
age (Pearson 1991) to fit the visibility data to a model of 
elliptical components with Gaussian brightness profiles. 
Those models are listed in Tables 2 and 3. 

We compare our observations with those taken at 
8.4 GHz with the VLBA in 1997.93, and in particular 
in 1999.41 (very close to our first epoch, 1999.57), and 
presented in Paper I. These yield the spectral index, a 
{S ^ i^") for those 15.4 GHz source components that 
have clear counterparts at 8.4 GHz. We refer the reader 
to Paper I for a comprehensive discussion of historical de- 
tails for each radio source. 

We also show in Fig. 3.1 the distance to the core for 
sources of the S5 polar cap sample that were observed 
at least three times, and in Table 4 we present proper 
motions obtained from model fitting source component 
positions at different epochs. We list proper motions only 
for those components that were identified in at least three 
epochs, and whose proper motion exceeded la. 

3.1. QSO 0016+731 

The source QSO 0016+731 (Fig. 2, 2;=1.781) shows at 
15.4 GHz a core-jet structure at an angle of ^^130°. The 
modeling of the radio source provides a good fit with 
three components: a compact, strong one (UA), which 
likely corresponds to the core, and two extended, weak 
components (UB and UC), directed to the east-southeast, 
and which correspond to the jet. The total flux den- 
sity increased significantly from 647 mJy to 817 mJy (26% 
change) between our two observing epochs. The corre- 
sponding monochromatic luminosity is Xisghz ~(1.3 to 
1.6)xl0"^^W. The increase in the total flux density of 
the source was due to a strong increment in the flux of 
the westernmost component (UA, the brightest feature in 
Fig. 2). Correspondingly, the observed, imcorrected ratio 
of the core flux density to the extended flux density in 
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Table 1. Map parameters for sources of the complete S5 polar cap sample at 15.4 GHz. 
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^ The restoring beam is an elliptical Gaussian with full-width-half-maximum (FWHM) axes ax b. For each source, the position 

angle (P-A.) stands for the direction of the major axis measured north through east. 
^ Total flux density recovered in the hybrid mapping process. 

Contours in the maps of the figures shown in Sects. 3.1 to 3.13 are the tabulated rms values times (—3, 3, 3\/3, 9, • • •). 



the 15.4 GHz frame, Q, increased from 4 up to 11 between 
1999.57 and 2000.99. Our map of QSO 0016+731 from ob- 
servations of the VLBA 2cm survey on 2000.99 (bottom 
panel in Fig. 2) shows that the total flux density of the 
source did not change significantly for over six months 
( 1 % decrement). 

In Paper I, the lower resolution of the observations 
prevented us from clearly distinguishing which component 
of QSO 0016+731 (cither XA, or XB in Fig. 2) could be 
identified with the core, a much easier task at 15.4 GHz. 
We suggest that component UA in our maps corresponds 
to component XA in Paper I. In addition, it seems clear 
that component XB is indeed a blend of two components, 
UB and UC. Gomponent XG has no counterpart in our 
maps. The second observing epoch at 8.4 GHz (1999.41) 
was close in time to our first observing epoch at 15.4 GHz 
(1999.57). Assuming that the 8.4 GHz flux density of the 
source did not change between 1999.41 and 1999.57, wc 
obtain a global spectral index, a, of 0.89. The spectral in- 
dex of component UA/XA is much more inverted, a=1.99, 
while a = -0.68 for the jet structure (UB+UG/XB). ^ 



^ We have kept the name convention used in Paper I. Thus, 

"UA" represents the first component ("A") at the observing 
frequency band ("U", corresponding to 15.4 GHz). We have 
also tried to assign to a given feature of a source the same 
name as used in Paper I. However, this has not always been 
possible. For example, we have no component labeled UE, nor 
UF for QSO 0212+735 (sec Sect. 3.3). This means we found no 
counterpart at 15.4 GHz for components XE and XF. 



3.2. QSO 0153+744 

QSO 0153+744 (Fig. 3, ^=2.341) is a one-sided radio 

source (e.g., Hummel et al. 1988), whose 15.4 GHz VLBA 
emission is dominated by two components, UA and UB, 
separated by ^lOmas (~61 pc). The main component, 
UA(likely the core), is composed of three sub-components, 
UAl, and UA2 and UA3 (the innermost regions of the 
jet). UA2 and UA3 trace a smooth change in the di- 
rection of the jet, changing from 65°±3°at a distance 
r = (0.65 ± 0.05) mas h (3-6 to 4.2)/i-ipc], to 88°± 
8°at a distance r = (1.35 ± 0.05) mas. No emission is de- 
tected above 3(t (3mJy), up to a distance of '^lO mas 
(~61/i~^pc), where component UB traces the outermost 
regions of the jet. At this distance, the jet is at an angle 
-150°. 

The total flux density stayed remarkably stable be- 
tween 1999.57 and 2000.46, decreasing from (316±3) mJy 
to (312±2)mJy. It decreased by 8% between 2000.46 and 
2000.99, down to (288±2)mJy, implying Li5GHz ~(1-0 
to l.l)xlO^^W. At all three epochs, component UA con- 
tributed w80% to the total flux density, while component 
UB contributed the remaining «20%. The brightest sub- 
component of UA, UAl, slightly increased its flux den- 
sity in spite of the total flux decrease. On the contrary, 
both UA2 and UA3 continued to fade between 1999.57 and 
2000.99 (e.g., UA2 decreased its flux density by »50%). 
The value of Q (taken to be the ratio of emission from 
UAl to the rest of the emission) increased from 1.26 in 
1999.57 to 1.94 in 2000.99, indicating that the compact 
core marginally dominates the total emission, and tended 
to increase this dominance. 
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Table 2. Elliptical Gaussian component model parameters for the radio sources of the complete S5 polar cap sample. 

Epoch 1999.57 Epoch 2000.46 

Source Comp. S r a b/a (j) S r 9 a b/a <p 

[mjy] [mas] [mas] [mJy] [mas] [mas] 

0016+731 UA 5T0±2 - 0.11±0.05 0.75±0.06 -61±7 718±2 - 0.09±0.00 O.fi.'iiO.Og -94±4 

UB 96±13 0.80±0.06 137±1 0.57±0.04 0.89±0.05 107±16 59±15 0.77±0.06 139±1 0.61±0.04 0.96±0.17 17±258 

UC 43±13 1.32±0.06 124±1 0.84±0.07 0.82±0.09 1.55±31 41±14 1.42±0.06 129±2 0.7.j±0.15 0.81±0.18 10.5± 19 

0153+744 UAl 176+13 - 0.12+0.07 0.15+1.41 63+21 188+2 - 0.12+0.01 0.54+5.93 81+12 

UA2 50+17 0.58+0.09 70+2 0.51+0.22 0.33+0.21 -80+19 38+4 0.65+0.09 65+1 0.48+0.08 0.32+1.32 89+10 

UA3 25+5 1.29+0.09 83+1 0.63+0.08 0.33+0.11 139+9 22+2 1.38+0.09 95+2 1.00+0.13 0.33+0.07 -23+5.4 

UBl 43+4 10.27+0.09 153+1 1.14+0.12 0.87+0.12 -66+22 36+5 10.13+0.09 154+1 1.35+0.12 0.65+0.12 34+10 

UB2 20+4 11.14+0.09 151+1 0.73+0.12 0.59+0.10 -32+9 30+5 11.02+.09 151+1 0.90+0.12 0.66+0.15 -73+ 18 

0212+735 UA 1123+71 0.55+0.09 -49+2 0.25+0.02 0.43+0.03 -52+3 1233+31 0.59+0.09 -44+2 0.30+0.01 0.31+0.06 -60+3 

UBl 674+97 - 0.52+0.10 0.53+0.14 -28+6 411+118 - 0.59+0.10 0.48+0.13 -55+6 

UB2 595+160 0.26+0.09 +90+7 0.29+0.03 0.82+0.14-172+8 708+111 0.25+0.09 +70+11 0.32+0.03 0.89+0.04 -141+38 

UC 88+17 0.90+0.16 97+2 1.75+0.37 0.44+0.11 103+5 74+13 0.90+0.12 93+2 1.37+0.23 0.43+0.11 89+5 

UD 43+4 2.51+0.09 101+1 0.79+0.06 0.46+0.11 118+6 47+3 2.49+0.09 99+1 0.95+0.08 0.66+0.06 132+7 

UG 26+2 13.81+0.09 93+1 1.87+0.18 0.41+0.12 111+6 32+3 13.71+0.09 92+1 2.29+0.23 0.43+0.09 115+ 6 

0454+844 UA 93+5 - 0.37+0.01 0.49+0.04 -1+2 121+1 - 0.35+0.01 0.27+0.03 -2+1 

UB' 20+5 0.49+0.08 137+3 0.65+0.12 0.73+0.16 -31+19 

UC 10+1 1.71+0.08 172+1 1.01+0.09 0.58+ 0.08 - 48+8 19+1 1.15+ 0.08 158+1 1.77+0.09 0.31+0.04 - 31+ 4 

0615+820 UAl 221+8 - 0..34+0.01 0.89+0.03 -18+19 242+4 - 0.41+0.01 0.46+0.05 138+1 

UA2 131+6 0.58+0.05 -73+2 1.35+0.03 0.50+0.04 37+2 71+3 0.84+0.05 -99+1 1.35+0.04 0.31+0.03 17+2 

UA3 80+4 0.71+0.05 -147+1 0.25+0.04 0.14+0.32-119+9 q 107+3 0.74+0.05 -152+1 0.25+0.03 0.10+0.93 40+4 

0716+714 UA 1058+5 - 0.17+0.01 0.21+0.05 22+2 981+17 - 0.12+0.01 0.10+0.88 36+8 

UB 53+5 0.71+0.08 17+1 1.49+0.09 0.16+0.02 7+2 62+17 0.45+0.10 30+4 0.77+0.10 0.11+0.11 4+ 4 

0836+710 UAl 1307+121 - 0.20+0.02 0.21+0.21 +25+9 1238+124 - 0.31+0.03 0.31+0.07 +34+3 

UA2 213+93 0.31+0.11 -138+6 0.21+0.21 0.98+1.47-160+180 226+120 0.12+0.10 -138+39 0.32+0.10 0.76+1.14 -137+62 

UA3 61+66 0.66+0.20 -129+4 0.30+0.22 0.91+0.96 +32+48 84+7 0.73+0.09 -129+1 0.33+0.04 0.51+0.32 48+19 

UB 29+4 1.55+0.09 -139+1 0.48+0.13 0.79+0.40 +59+71 30+4 1.60+0.09 -139+1 0.65+0.15 0.57+0.22 +48+19 

UC 100+2 2.88+0.09 -144+1 0.69+0.03 0.68+0.04 +30+6 101+2 2.92+0.09 -144+1 0.67+0.04 0.67+0.03 +13+4 

UF 53+3 12.16+0.09 -148+1 2.76+0.17 0.46+0.05 -8+4 53+2 12.09+0.09 -147+1 2.58+0.14 0.38+0.03 -1+ 2 

1039+811 UA 883+2 - 0.27+0.01 0.34+0.01 100+1 785+2 - 0.32+0.01 0.43+0.01 101+1 

UB" 29+6 1.12+0.07 -68+2 1.13+0.24 0.26+0.11 -80+6 48+2 1.68+0.06 -65+1 2.22+0.15 0.11+0.04 109+1 

UC 23+4 2.38+0.11 -67+1 1.36+0.18 0.09+0.12 -92+4 

1150+812 UA 405+35 - 0.25+0.03 0.32+0.17 63+5 355+72 - 0.14+0.07 0.20+0.19 60+12 

UBl 157+38 0.33+0.06 233+2 0.19+0.07 0.17+0.15 69+17 172+78 0.34+0.06 239+3 0.29+0.12 0.84+0.41 31+102 

UB2 113+14 0.65+0.06 221+2 0.65+0.04 0.44+0.05 -15+5 78+29 0.74+0.09 218+3 0.48+0.14 0.17+0.50 23+12 

UC 102+5 1.97+0.06 170+1 2.15+0.76 0.23+0.25 -26+1 130+10 1.89+0.09 182+1 1.62+0.15 0.35+0.04 172+1 

UD 153+3 2.21+0.06 183+1 0.66+0.02 0.76+0.02 -6+3 158+14 2.31+0.06 178+1 0.90+0.02 0.62+0.04 -71+2 

UE 55+4 3.59+0.13 168+1 2.10+0.13 0.74+0.06 -59+10 28+4 4.23+0.20 162+1 3.11+0.46 0.26+0.05 -26+2 

1749+701 UA 198+6 - 0.26+0.21 0.22+0.17 -17+15 218+8 (5 - 0.42+0.27 0.19+0.15 -36+19 

UB 78+6 0.26+0.02 -48+3 0.43+0.23 0.11+0.10 -70+25 105+8 0.39+0.02 -48+2 0.31+0.17 0.09+0.07 -88+23 

UCl 12+1 1.11+0.04 -61+3 0.28+0.20 0.30+0.16-169+35 16+1 1.28+0.05 -63+2 0.45+0.27 0.56+0.23 143+28 

UC2 15+2 1.42+0.04 -77+2 0.42+0.23 0.63+0.19 48+15 

UD 31+2 2.25+0.02 -73+2 0.74+0.32 0.47+0.21 51+8 47+2 2.40+0.02 -70+1 0.66+0.30 0.43+0.17 71+14 

UEl 55+3 3.19+0.12 -57+1 3.09+0.16 0.42+0.15 -44+7 

UE2 28+2 3.65+0.13 -54+2 2.40+0.22 0.21+0.14 87+ 11 

1803+784 UA 1920+7 - 0.13+0.01 0.81+0.06 -47+15 1233+70 - 0.09+0.01 0.54+0.41 6+15 

UBl 494+6 0.28+0.06 -76+2 0.32+0.05 0.67+0.08 82+7 538+61 0.20+0.06 -72+5 0.36+0.04 0.56+0.07 86+8 

UB2 194+31 0.80+0.06 -77+1 0.45+0.06 0.55+0.08 126+4 225+51 0.70+0.09 -79+2 0.84+0.14 0.28+0.05 110+3 

UC 187+7 1.47+0.06 -90+1 0.57+0.02 0.63+0.03 66+3 198+32 1.44+0.06 -90+1 0.50+0.03 0.68+0.04 79+5 

UD 38+6 2.02+0.06 -93+1 0.92+0.07 0.60+0.09 164+6 47+9 1.82+0.38 -91+3 1.06+0.34 0.49+0.19 70+10 

UE 41+4 3.51+0.14 -92+1 3.18+0.27 0.39+0.05 102+4 70+5 3.52+0.17 -92+1 4.44+0.31 0.35+0.04 91+ 2 

1928+738 UA 941+25 0.26+0.11 -20+6 0.20+0.10 0.26+0.13 -6+1 774+8 0.39+0.14 -16+1 0.52+0.01 0.11+0.03 -13+2 

UBl 656+27 - 0.23+0.01 0.16+0.08 -19+2 602+20 - 0.52+0.01 0.11+0.03 -14+1 

UB2 571+30 0.38+0.11 155+1 0.34+0.02 0.61+0.03 -28+1 660+13 0.32+0.14 143+1 0.38+0.09 0.27+0.02 -13+1 

UC 390+2 1.15+0.11 152+1 0.34+0.02 0.61+0.03 6+2 331+1 1.26+0.14 152+1 0.31+0.08 0.72+0.14 -38+3 

UD 184+3 2.50+0.11 162+1 0.91+0.02 0.52+0.02 19+2 184+6 2.55+0.14 158+1 0.57+0.04 0.44+0.04 -165+2 

UE 157+2 2.96+0.11 173+1 1.27+0.02 0.17+0.05 -14+2 181+2 3.07+0.14 173+1 1.22+0.12 0.31+0.01 -13+1 

UF 40+2 3.93+0.11 162+1 0.72+0.05 0.13+0.32 -46+9 63+3 3.82+0.14 163+1 1.38+0.10 0.39+0.05 -32+6 

UG 19+1 5.57+0.11 164+1 0.61+0.05 0.23+0.23 -79+13 11+2 5.26+0.14 168+2 1.59+0.45 0.17+0.16 21+7 

UI 76+3 11.46+0.11 167+1 2.60+0.10 0.65+0.05 -15+5 93+3 11.58+0.14 167+1 2.46+0.16 0.84+0.08 6+ 13 

2007+777 UAl 283+12 0.29+0.05 96+2 0.18+0.04 0.22+0.21 39+25 516+15 0.22+0.05 85+1 0.14+0.04 0.25+0.08 82+20 

UA2 223+26 - 0.20+0.02 0.12+0.12 93+8 278+14 - 0.14+0.08 0.17+0.09 -45+3 

UBl' 146+21 0.32+0.05 -84+2 0.15+0.04 0.50+0.41 37+20 323+2 0.38+0.05 -82+1 0.21+0.03 0.61+0.02 100+2 

UB2' 94+22 0.63+0.07 -86+1 0.62+0.11 0.65+0.12 107+10 

UC 51+2 1.44+0.05 -88+1 0..34+0.17 0.59+0.08 -66+7 112+1 1.48+0.05 -89+1 0.67+0.01 0.53+0.01 87+1 

UF 38+1 6.13+0.05 -90+1 1.94+0.08 0.44+0.03 -53+2 25+1 6.34+0.07 -95+1 3.19+0.16 0.28+0.03 107+2 



Note: For each source component, we list its flux density, separation and position angle relative to the component flxed at the origin (r — 0, ^ — 0), 
major axis, axis ratio, and position angle of the major axis. The uncertainties given here have been estimated from the exploration of the 
parameter space (S, r, ^, a, 6/a, and (^), and from empirical considerations (e.g., the nominal errors of the component positions are in general 
smaller than 10/ias, but to be conservative we increased this figure up to a tenth of a beam width). 

^ This component is model fitted as double only in the first epoch. In the second epoch the model fit algorithm merged both components into a 
single one. 
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Fig. 1. Angular distance to the core vs. time elapsed since 1998.0. The plots show the change in angular separation with time 
of source features for which we have measured an angular velocity from observations at three or more epochs. The lines are 
linear fits to the data, the slope representing the proper motion, /x, tabulated in Table 4. 



Our model fit indicates a proper motion for UA2 of 

fi = (71±6) /ias/yr [/3app=(4.7 to 0.4) h''^]. UA3, located 
at a radial distance of (1.3 to 1.4) mas at an angle 90°, does 
not show evidence for any proper motion. The extended, 
optically thin emission of the jet is characterized by two 
components, UBl and UB2, that lie at an angular distance 
of (10.15±0.15)mas and (ll.l±0.1)mas, respectively, and 
at an angle of ^150°. 

Since QSO 0153+744 did not show evidence of intra- 
day variability (IDV) (A. Kraus, private communication), 
we assumed that the 8.4 GHz VLBA flux density of the 
source did not change between 1999.41 and 1999.57, and 
obtained a global spectral index a = —0.79. We also ob- 



tain a « —0.01 for component UA/XA (a perfect flat 

spectrum for the innermost regions of the core-jet struc- 
ture). The sub-component XAl/UAl has a = 0.52, which 
supports our suggestion that this sub-component might 
be the core. We noticed that a « —2.05 for XB/UB, 
which corresponds to a synchrotron spectrum partially 
suppressed by an external medium. In this case, this would 
indicate that at a distance of ~60pc from the putative 
core the outer regions of the jet of QSO 0153-1-744 interact 
strongly with their surrounding medium. Finally, we failed 
to detect the jet components that in Paper I were foimd to 
form an arc between XA/UA and XB/UB, which results 
in upper limits of axc/uc ~ - 2.24, axo/UD ^ - 3.09, 
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Fig. 3. VLBA images of QSO 0153+744 on 27 July 1999 
(1999.57), 15 June 2000 (2000.46), and 28 December 2000 
(2000.99). See Tables 1-3 for contour levels, beam sizes (bot- 



Fig. 2. VLBA images of QSO 0153+744 on 27 July 1999 tom left in the maps), peak flux densities, and component 
(1999.57), 15 June 2000 (2000.46), and 28 December 2000 parametrization. Axes are relative a and 8 in mas. 
(2000.99). See Tables 1-3 for contour levels, beam sizes (bot- 
tom left in the maps), peak flux densities, and component 
parametrization. Axes are relative a and 5 in mas. 
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Table 3. Map parameters and elliptical Gaussian component 
model parameters for selected sources of the complete S5 polar 
cap sample from the 2 cm Survey 



Table 3. CoDtinuod 



Source Comp. S 
[mJy] 



[mas] 



[mas] 



b/a 



0016+731. 



UA 
UB 
UC 



742±1 
35±6 
36±6 



-Bpocft 2000.99, (0.647x0.452, 2^4^, 731^, 81 f, 0.5^ 
- 0.09±0.01 0.30±0.08 -81±1 

0.79±0.06 140±1 0.55±0.05 0.88±0.08 178±28 
1.41±0.06 laiil 0.76±0.07 0.84±0.09 88±21 



0153+744_ 



-Epoch 2000.99, (0.833x0.446, ff:9), 188, 288, 0.7 



UAl 190±1 - 0.13±0.01 0.16±15.0 74±8 

UA2 28±2 0.68±0.08 69±1 0.31±0.05 0.20±0.25 -96±15 

UA3 17±1 1.27±0.08 87±2 0.63±0.10 0.11±0.13 153±10 

UBl 42±3 10.24±0.08 153±1 l.OliO.lO 0.79±0.11 131±15 

UB2 14±3 11.16±0.08 151±1 0.53±0.09 0.86±0.26 57±125 



0454+844_ 



Epoch 1999.55, (0.687x0.492, -14°8), 126, 186, 0.6 

UA 144±12 - 0.34±0.02 0.58±0.06 18±5 

UB 24±13 0.49±0.18 134±7 0.78±0.29 0.20±0.17 -22±9 
UC 18±3 1.52±0.11 168±2 1.34±0.24 0.47±0.10 19±7 

Epoch 2001.17, (0.641x0.411, 1S'.4), 187, 257, 0.7 

UA 201±6 - 0.23±0.01 0.30±0.10 16±3 

UB 39±5 0.33±0.06 138±2 0.23±0.21 0.30±0.27 75±12 
UC 22±1 1.30±0.06 158±1 0.74±0.03 0.70±0.08 83±8 



0716+714_ 



UA 
UB 
UC 

UD 



1174±8 
63±9 
13±1 

7±1 



UA 
UB 
UC 
UD 



519±33 

15±2 
8±2 



-Epoch 1999.55, (0.849x 0.551, giS), 1176, 1254, 0.6 
- 0.14±0.01 0.37±0.03 34±3 

0.54±0.08 16±1 0.89±0.11 0.13±0.05 11±2 
1.85±0.09 9±1 1.08±0.33 0.66±0.35 157±16 
3.69±0.12 20±2 1.86±0.37 0.38±0.17 89±13 

_Epoch 2001.17, (0.770x 0.451, 3f.9), 572, 643, 0.3 
- 0.12±0.05 0^27±0.06 28±4 

0.13±0.10 22±2 0.35±0.16 0^'17±0.26 16±9 
1.94±0.09 19±1 1.27±0.16 0.38±0.05 8±4 
3.95±0.35 15±2 3.28±0.65 0.22±0.07 27±5 



0836+710_ 



UAl 1672±26 

UA2 228±33 0.21±0.04 

UA3 60±9 0.47±0.04 

UB 38±1 1.37±0.04 

UC 159±1 2.71±0i)4 



.Epoch 1998.22, (0.681x0.442, -ItS), 1378, 2298, 1.0 
0.38±0.01 0^69±0.01 33±19 
-84±2 0.21±0.03 0^63±0.26 -139±42 
■11.1±2 0.34±0.21 0^35±1.0 69±13 
■135±1 0.39±0.26 0^84±0.93 174±19 
■141±1 0.69±0.01 0.81±0.01 19±2 



UF 



72±3 11.61±0.41 -147±1 3.17±0.14 0.41±0.03 



2±5 



1749+701. 



UA 196±3 

UB 95±3 

UCl 28±1 

UC2 22±1 

UD 30±1 

UEl 26±2 

UE2 22±3 



UA 

UB 
UCl 
UC2 

UD 
UEl 

rE2 



229±4 

103±4 
25±1 
15±1 
34±1 

:I7±1 



_Epoch 1999. 


0.20±0.07 
1.02±0.07 
1.49±0X)7 
2.25±0.07 
2.80+0.08 
3.90+0.09 
—Epoch 1999. 


0.21+0.07 
1.29+0.07 
1.78+0.07 
2.38+0.07 



39, (0. 

-48+1 
-62+1 
-75+1 
-73+1 
-59+1 
-53+1 
85, (0. 

-49+1 
-67+1 
-77+1 
-70+1 



657x 0.419, 
0.15+0.01 
0.32+0.01 
0.43+0.36 
0.37+0.02 
0.68+0.03 
1.43+0.07 
1.79+0.12 
715x 0.446, 
0.10+0.02 
0.41+0.01 
0.67+0.02 
0.83+0.06 
0.75+0.02 



-l'£6), 246, 

0.22+0.13 

0.32+0.10 

0.61+0.07 

0.86+0.14 

0.80+0.05 

0.90+0.08 

0.77+0.07 

-2S!9), 299, 

0.24+0.13 

0.20+0.04 

0.20+0.14 

0.38+0.06 

0.66+0.04 



415, 0.5 
-17+4 
-63+2 
-84+7 

65+24 
-25+6 

-1+10 

84+11 
446, 0.4 
-39+6 
-.54+2 

78+3 
120+4 

15+4 



UA 
UB 
UCl 
UC2 
UD 
UEl 
UE2 



245+1 
111+4 
12+1 

36+1 

34+2 



3.68+0.04 -53+1 1.86+0.04 0.84+0.04 1,54+8 

Epoch 2000.99, (0.640x0.441, 2(f.4), 271, 434, 0.5 

- 0.05+0.20 0.25+0.26 -8+17 

0.41+0.06 -51+1 0.43+0.01 0.31+0.03 -52+1 

1.06+0.06 -69+1 0.61+0.05 0.93+0.51 -62+84 

2.48+0.06 -71+1 0.78+0.02 0.93+0.04 56+25 

3.56+0.06 -53+1 3.03+0.13 0.74+0.06 8+9 



OiXE/UE 



< - 



3.09, at the 3cr level. The spectral be- 



Source Comp. 



S 
[mJy] 



b/a 



1803+784_ 



.Epoch 1998.84 



UA 
T.IBl 
T.IB2 
UC 
UD 
UE 



1310+46 
452+43 
157+4 
193+3 
109+3 
52+2 





0.23+0.01 
0.70+0.01 
1.41+0.01 
1.75+0.01 
3.32+0.05 



UA 
UBl 
UB2 
UC 
UD 
UE 



1531+27 
494+25 
145+4 
201+5 
50+3 
44+1 



.Epoch 1999.85, 


0.25+0.01 
0.84+0.01 
1.37+0.01 
1.78+0.03 

2.94+0.04 



, (0.731x0.425, 
0.12+0. 
-88+1 0.28+0. 
-80+1 0.81+0. 
-93+1 0.33+0. 
-99+1 0.59+0. 
-93+1 2.93+0. 
(0.660x0.465, 
- 0.10+0. 
-80+1 0.28+0. 
-76+1 0.48+0. 
-88+1 0.52+0. 
-98+1 0.75+0. 
-96+1 1.67+0. 



01 0.86+0.03 

01 0.75+0.29 

28 0.46+0.47 

35 0.79+0.02 

28 0.70+0.14 

11 0.43+0.03 



-8^8), 1498, 2291, 0.9 
-74+.36 
76+.39 
102+55 

17+3 
165+3 
106+25 
-2T9), 1777, 2518, 1.1 
,01 0.74+0.08 -63+15 
,17 0.77+0.05 119+17 
,02 0.45+0.03 131+4 
,01 0.38+0.10 64+13 
,48 0.52+0.41 127+23 
95 0.70+0.52 107+6 



2007+777_ 



.Epoch 1999.85, (0.653x0.447, 



UAl 413+1 

UA2 163+1 

UBl 2,30+1 

UB2 75+2 

UC 24+1 

UF 28+1 



0.36+0.01 


0.32+0.01 
1.14+0.01 
1.43+0.01 
6.55+0.02 



93+1 



UAl 330+7 
UA2 189+4 



86+1 
91+1 
88+1 
94+1 

Epoch 2001.17, (0.617x0.421, 
0.25+0.01 87+1 0.17+0.01 



0.17+0.01 
0.20+0.01 
0.13+0.01 
0.52+0.23 
0.43+0.17 
1.30+0.05 



UBl 
UB2 
UC 
UE 
UF 



213+3 
115+1 

77+1 
7+1 

15+1 





0.40+0.01 
0.87+0.01 
1.28+0.01 
5.08+0.03 
6.86+0.06 



-87+1 
-76+1 
-96+1 
■106+1 
-95+1 



0.38+0.01 
0.22+0.01 
0.52+0.01 
0.46+0.01 
0.82+0.08 
2.08+0.15 



(TO), 428, 
0.28+0.03 
0.26+0.07 
0.75+0.24 
0.82+0.01 
0.38+0.10 
0.73+0.06 
-Ces;, 393, 
0.22+0.15 
0.24+0.03 
0.37+0.05 
0.38+0.03 
0.54+0.03 
0.31+0.29 
0.29+0.06 



929, 0.4 
91+25 
90+23 
65+18 
152+3 
-81+3 
83+7 
948, 0.4 
85+1 
90+1 
104+2 
104+1 
-79+2 
112+7 
71+3 



haviour displayed by component XB/UB. as well as the 
non-detection of any significant motion, is typical of a sta- 



Note: For each source component, we list its flux density, separation and 
position angle relative to the component fixed at the origin 
(r = 0,9 = 0), major axis, axis ratio, and position angle of the major 
axis. The uncertainties given here have been estimated from the 
exploration of the parameter space (5, r, 9, a, b/a, and (f>), and from 
empirical considerations (e.g., the nominal errors of the component 
positions arc in general smaller than lOfi as, but to be conservative we 
increased this figure up to a tenth of a beam width). 
The restoring beam is an elliptical Gaussian with FWHM axes a X b 
[mas]. For each source, the position angle (P.A.) stands for the 
direction of the major axis, measured north through east. 

^ Speak- brightness peak [mjy/beam]. 

^ Stot'. total flux density recovered in the hybrid mapping process [mJy]. 
^ rms: root-mean-square noise in the image [mjyj. Contours in the maps 

of the figures shown in Sects. 3.1 to 3.13 are the tabulated rms values 

times (-3,3,3\/3- • •). 



tionary region of the jet, thus confirming the finding by 
Hummel et al. (1997). 

3.3. QSO 0212+735 

QSO 0212+735 (Fig. 4, 2=2.367) is the most distant 
source of the complete S5 polar cap sample. Our 15.4 GHz 
VLBA maps show a jet-like structure extending eastwards 
up to 14 mas (f»85/i~^ pc, the longest jet in the sample). 
The total flux density of QSO 0212-1-735 remained virtu- 
ally constant between our two observing epochs. Our maps 
and model fit show two distinct regions in QSO 0212+735: 
the inner core-jet region, formed by components UA, UBl 
and UB2; and the extended, weaker region of the jet, com- 
posed of UC, UD, and UG. 



8 



Perez- Torres et al.: Absolute kinematics of radio source components. II. 



Table 4. Proper motions^ in the S5 polar cap sample 



Source 


Comp. 


[H as/yr] 


/?app 
[Vapp/C] 


0016 + 731 


UC 


32 ±31 


1.9 ± 1.8 


0153 + 744 


UA2 


71 ±6 


4.7 ±0.4 


0454 + 844 


UB 


-100 ±3 


-5.1 ±0.2 




UC 


-217 ± 140 


-11.0 ±7.4 


0716 + 714 


UB 


-105 ± 100 


-1.6 ±1.5 


0836 + 710 


UA2 


-13 ±6 


-0.8 ± 0.4 




UA3 


118 ±7 


7.6 ±0.5 




UB 


110 ± 16 


7.1 ± 1.0 




UC 


101 ± 16 


6.5 ± 1.0 


1749 + 701 


UB 


141 ± 25 


5.1 ±0.9 




UC2 


732 ± 603 


26.5 ±21.8 




UD 


161 ± 19 


5.8 ±0.7 




UE2 


-150 ±62 


-5.4 ±2.2 


1803 + 784 


UBl 


17 ±16 


0.6 ±0.5 




UB2 


133 ± 24 


4.4 ± 0.8 


2007 + 777 


UAl 


52 ±48 


1.0 ± 1.0 




UBl 


56± 11 


1.1 ±0.2 




UC 


-88 ± 61 


-1.8 ± 1.2 




UF 


350 ± 203 


7.0 ±4.0 



^Proper motions are listed for components observed at 
three or more epochs, whose legist-squares fit showed a mo- 
tion larger than la, which is the quoted uncertainty. See 
details in the main text and Fig. 3.1. 



The value of Q (UA emission to extended emission), 
increased from 0.8 to 1.0 between 1999.57 and 2000.46. 
This is one of the lowest values of Q found in the sample, 
indicating that the extended emission contributes about 
the same amount as the emission from the core. This is so 
because component UB (which we suggest is at the base 
of the jet, and does not belong to the core region) is as 
strong as the core itself. (If for Q we take the emission from 
UA+UB to the extended emission, we obtain 17.5 and 
15.2, in 1999.57 and 2000.46, respectively, and we would 
say the source is "core" -dominated.) The flux density of 
QSO0212±735 puts it among the three brightest sources 
of the sample and, given its redshift, it is the most powerful 
source with a monochromatic luminosity of Li5ghz=(9.2 
to 9.3)xl0-^''W. 

The flux density variations in each individual com- 
ponent of the innermost and outermost regions are 
marginally consistent (^^2 cr) , with no change between the 
first and second epochs. The innermost region is the one 
that shows the most interesting features: component UA, 
the brightest component at both epochs and probably the 
core, lies at a distance of 0.6 mas (3.6/i~^pc) from the 
origin, at an angle of ~ —47°. Component UBl is at the 
origin, while component UB2 is at a distance r «0.26mas 
at angle ft!90°. The remaining components, UC, UD, and 



UG, lie at distances of ~0.9mas, 2.5 mas, and 13.8 mas 
(Ri83/i~^pc) respectively, and within an angle of 90°to 
100 °at both epochs. Our model fit for QSO0212±735 
gives no evidence for any significant proper motion either 
in the innermost or the outermost region. (We note that 
QSO 0212+735 is one of only three sources in the sample 
for which the brightest component is not at the origin of 
the coordinates; see Table 1.) 
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Fig. 4. VLBA images of QSO 0212+735, from observations on 
27 July 1999 (1999.57) and 15 June 2000 (2000.46). Axes are 
relative a and 6 in mas. See Table 1 for contour levels, syn- 
thesized beam size (bottom left in the figure), and peak flux 
densities. See Table 2 for component parametrization. 
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Assuming that the 8.4 GHz flux density of the source 
did not change between 1999.41 and 1999.57, we obtain a 
global value oi a = —0.07. A detailed comparison of our 
model fit at 15.4 GHz for the first epoch with the model 
fit made at 8.4 GHz for the second epoch (see Paper I), 
gives the following results. The position of component XA 
nicely corresponds to that of UA. The inferred spectral 
index is then q:=0.78, a rather inverted spectrum, as we 
would expect if UA/XA were the core. Component XB is 
very likely a blend of two components (UBl and UB2), 
which yields ccub/xb = —0.45. The positions at 8.4 GHz 
and 15.4 GHz for the remaining components are the same 
within the uncertainties. For those components, we find a 
progressive steepening of the spectral index with distance 
from the jet. Namely, auc/xc = —0.49, auD/XD = —1-00, 
and auG/XG = —1.76. The position of component UG/XG 
has remained remarkably stable, both in the X- and U- 
band between 1997.93 and 2000.46, at a nominal position 
of 13.8 mas at angle 93°. Most likely, component UG/XG 
is a stationary region of the source. We do not see emission 
from components UE+UF (clearly detected at 8.4 GHz as 
XE+XF; see Paper 1) above 3 a, which implies a very steep 
spectrum for those components. 



3.4. BL 0454+844 

BL 0454+844 is, at z > 1.340 (Stocke & Rector 1997), the 
most distant BL Lacertae source of our sample with known 
rcdshift. Its monochromatic luminosity is Lisghz ~(1.2 to 
2.6)xl0^*W (note that the previously accepted redshift 
for BL 0454+844, z = 0.112, implying a lower intrinsic lu- 
minosity by a factor of 200, which makes BL 0454+844 the 
least powerful radio source of the sample). BL 0454+844 
shows, together with BL 0716+714, the least structure of 
all the sources of the complete sample, as seen at 15.4 GHz 
(Fig. 5). Indeed, there is no emission above 3 a outside the 
inner 2 mas (13.2/i~^pc) away from component UA. Our 
VLBA observations showed a significant variation in the 
flux density of BL 0454+844 between 1999.55 and 1999.57, 
decreasing from 186 mJy down to 120 mJy (35% change). 
It then started to slowly increase up to 131 mJy in 2000.46 
(9% change), after which the source almost doubled its 
total flux density in less than nine months (257 mJy in 
2001.17). We fitted each observing epoch, except epoch 
2000.46, with a three-component model (see Table 2), 
which seems a reasonable model fit of the radio source. 
We find the following values for the ratio Q (value, epoch: 
3.43, 1999.55; 3.44, 1999.57; 6.37, 2000.46; 3.59, 2000.99). 
Those values seem to confirm the dominance of the core 
emission. Note that Q is significantly larger in 2000.46 
than at the other epochs, while the map for this epoch 
does not show significant differences with, e.g., the map 
in 1999.57. This enhanced value of Q in 2000.46 must be 
taken with caution, as the somewhat noisier data for this 



epoch resulted in a poorer model fit of the source struc- 
ture. 

At all epochs, most of the emission comes from compo- 
nent UA, likely to be the core, which contributes «78% of 
the total emission (except in 2000.46, where it amounts 
to »92%; but see the caveat above). The spectral in- 
dex for UA/XA is, assuming the 8.4 GHz did not change 
significantly between 1999.41 and 1999.55, q:ua/xa=0-06, 
as expected for a core component. Component UB be- 
longs to the innermost regions of BL 0454+844, lying 
at a distance of (0.3 to 0.5) mas from component UA, 
at an angle of 140°. Component UC traces the jet re- 
gion of BL 0454+844. It probably consists of two or 
more sub-components, judging by the fact that the ra- 
dial distances span a huge range (1.2mas to 1.7mas) 
in less than 20 months. Our model fit indicates a back- 
wards proper motion for both components UB (/x = 
(-100 ± 3)Mas/yr; /3app = (-5.1 ± 0.2) /i"!), and UC 
(/i = (-217 ± 140) /ias/yr; (/3app = (-11.0 ± 7.4) /i"!). 
However, the morphological structure of this source is so 
complex that those results must be taken with caution. 



3.5. QSO 0615+820 

Our VLBA maps of QSO 0615+820 (Fig. 6, 2=0.710) 
show a complex, albeit compact structure at both epochs, 
with a maximum extension ;< 2.5 mas (=15.4 pc). 
The 15.4 GHz total fiux density of the source slightly de- 
creased between 1999.57 and 2000.46, from 434 mJy down 
to 410 mJy (6% change), with a monochromatic luminos- 
ity of i:/i5GHz=(l-0 to 1.2) X 10^8 W. Assuming that the 
8.4 GHz flux density of the source did not change between 
1999.41 and 1999.57, we obtain a = -0.26, a moderately 
steep to flat spectrum for the milliarcsecond structure of 
the source. 

We fitted reasonably well the milliarcsecond ra- 
dio structure of QSO 0615+820 using three components 
(Table 2) within the inner 0.8 mas (5 pc). It might well 
be that components UA2 and UA3 consist, in turn, of two 
sub-components each, as the maps seem to hint, but this 
fact is not supported by the model fit at this stage. The co- 
ordinates of components UAl, UA2, and UA3 in 1999.57 
are so close to those obtained in Paper I at 8.4 GHz (com- 
ponents XAl, XA2, and XA3 in 1999.41), that their phys- 
ical association is very likely to be real. The ratio, Q, of 
the core (UAl) to the extended emission increased steadily 
with time (value, epoch: 0.88, 1999.55; 1.04, 1999.57; 1.44, 
2000.46). 

This object is, given the intriguing (and underlying) 
substructure of its components, worth being studied in 
detail. In particular, the core position is highly uncertain, 
and might not correspond to the position of UAl. 
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Fig. 5. VLBA images of BL 0454+844 from observations on 19 July 1999 (1999.55), 27 July 1999 (1999.57), 15 June 2000 

(2000.46), and 4 March 2001 (2001.17). See Tables 1-3 for contour levels, beam sizes (bottom left in the maps), peak flux 
densities, and component parametrization. Axes are relative a and & in mas. 



3.6. BL 0716+714 

BL 0716+714 is the only radio source of the sample whose 
redshift is unknown, though the absence of any host galaxy 
seems to rule out distances z ^ 0.25 even for a low lumi- 
nosity object (Wagner et al. 1996). The source displays 
intra-day variability (Quirrenbach et al. 1991; Wagner 
et al. 1996). The total flux density of BL 0716+714 at 
15.4 GHz halved its value between 1999.55 and 2001.17 (19 
months), decreasing from 1254 mJy down to 643 mJy, in 
accordance with the fact that BL 0716+714 is also a long- 
term variable. (At 8.4 GHz, the source displayed an op- 



posite, increasing trend between 1997.93 and 1999.41, its 
flux growing by a factor 2.6, from 377 mJy up to 990 mJy 
in less than 18 months [see Paper I]). At a redshift of 
0.25, the monochromatic luminosity of BL 0716+714 is 
Li5 GHz ~(1.8 to 3.4) X 10^^ W, a low-to-intermediate value 
for a BL Lac object. 

The 15.4 GHz VLBA maps (Fig. 7) show a core-jet 

structure that extends northwards up to 4 mas. The ap- 
pearance of the source at all epochs is very similar, and 
rather featureless but for the last epoch. Our observations 
at 8.4 GHz made in 1999.41 resemble a scalcd-up version of 
the 15.4 GHz ones in 1999.57. We modeled the 15.4 GHz 
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radio structure of BL 0716+714 in 1999.57 and 2000.46 
with two components (see Table 2), instead of three, as we 
did for our 8.4 GHz observations (Paper I). Nonetheless, 
we had to use up to four components to model the source 
radio emission seen in 1999.55 and 2001.17, the two ex- 
tra components being needed to account for the extended 
radio emission of the jet. 

Component UA, the brightest one, is at the origin and 
contributes 85% to 96% of the total VLBA emission at 
all epochs. Its flux density evolves in almost exactly the 



same way as the total flux of the source (the core activity 
drives the whole behaviour of the source). The ratios of 
the core (UA) to the extended emission were the following: 
(value, epoch: 14.7, 1999.55; 21.6, 1999.57; 14.0, 2000.46; 
5.8, 20001.17). Those values make of BL 0716+714 one of 
the most compact and core dominated sources of the sam- 
ple. The relatively low value of Q in 2001.17 is chiefly due 
to the decreasing flux density of the core (see the model 
fits in Table 3) . Component UB probably lies close to the 
jet base. It contributes 5% to 11% of the total 15.4 GHz 
VLBA flux. The model fit algorithm gave significantly dif- 
ferent values for the position of this component at each 
epoch (see Table 2). This could be an indication that mo- 
tions could be taking place in this engine. Alternatively, 
it could be that UB is in fact composed of several sub- 
components. Unfortunately, neither the 8.4 GHz nor the 
15.4 GHz VLBA observations have resolved the innermost 
structure of BL 0716+714. Our 43 GHz observations might 
yield enough resolution to say whether changes in its flux 
density are due to the emergence of components along 
the core-jet structure. The remaining 2% to 3% of the 
15.4 GHz flux comes from components UC and UD, which 
are not well modeled in 1999.57 and 2000.46. 

Our model fit for the source shows an inward proper 
motion for component UB (see Table 4), but only at the la 
level. Bach et al. (2003) have reanalysed multi-frequency 
VLBI data obtained between 1993 and 2001, and found 
that the source components display moderate superlumi- 
nal motions (0.3 mas yr~^; /Japp=4.6 /i~^) from the inner 
3mas of the jet, up to 0.8 mas yr~^(/3app=12.3/i~^) for 
the outer regions of the jet. 

Since BL 0716+714 is an intra-day variable, the as- 
sumption that the 15.4 GHz flux density of the source did 
not change between 1999.41 and 1999.55 is not well based. 
Yet, if we assume the flux density did not change we ob- 
tain a(7^/xA=0-38, an inverted spectrum for the inner- 
most structure of the source, in agreement with expecta- 
tion if component UA/XA is the core. 

3.7. QSO 0836+710 (4C 71.07) 

The 15.4 GHz VLBA maps of QSO 0836+710 (Fig. 8; 
.2=2.218, Veron-Cetty & Veron [2003]) show at all three 
epochs a rather complex, one-sided core-jet structure at 
P.A.=-(140°to 150°). We detected emission up to 12 mas 
(74/i~^pc) away from the core. The source radio emis- 
sion is well represented by six components, five of them 
within the inner 3 mas (10 pc) of the core, and one at 
a distance of 12 mas. 

The 15.4 GHz total flux density of QSO 0836+710 var- 
ied significantly between 1998.22 and 1999.57, decreasing 
by 23%, from 2298 mJy down to 1766 mJy at a monthly 
rate of 1.4%. It continued to decrease until 2000.46 (down 
to 1728 mJy, a further 2% decrease at the much slower rate 
of 0.2% per month). QSO 0836+710 is the fourth bright- 
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Fig. 7. VLBA images of BL 0716+714 from observations on 19 July 1999 (1999.55), 27 July 1999 (1999.57), 15 June 2000 
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est object of the complete sample, yet it is the second 
most powerful emitter with L15 ghz «(5.5 to 7.3) x 10^^ W. 
The fliix density trend of the brightest component, UAl 
(likely the core), seems to follow that of the overall source. 
The values of the core-to-extended emission, Q, were 2.7 
(1998.22), 2.9 (1999.57), and 2.5 (2000.46), indicative of a 
relatively compact, core-dominated source. The flux den- 
sity of component UA2 remained very stable with time, 
at the 220 mJy level (10% to 13% of the total flux den- 
sity), but its radial distance is uncertain. Component 
UA3, at a 30mJy level, contributes about 2% of the 



total flux density. Provided the 8.4 GHz flux density of 
the (XA+XB) region did not change significantly between 
1999.41 and 1999.57, we obtain auA/(XA-hXB)=0.27. This 
value indicates an inverted spectrum for the innermost re- 
gion source, and suggests that UA is likely to be the core 
(namely, UAl, which dominates the emission of the re- 
gion). UB, at a distance of (1.5±0.1)mas (w5ft.~'^pc) at 
an angle of 140° sets the transition from the core region 
to the extended emission of the jet. Its contribution re- 
mained constant at the 2 % level at all epochs. Similarly, 
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the spectral indices of components UC/XC and UF/XF 
are auc/xc = —1-21 and auF/XF = —1-36, respectively. 

Compared to our 8.4 GHz VLBA maps, wc now have 
a clearer view of the innermost regions of the source. In 
particular, we are able to disentangle the fine structure 
of XA into three sub-components: UAl, UA2, and UA3. 
Component XB in Paper I is likely the result of a blend- 
ing of several subcomponents at 15.4 GHz, most probably 
UA3 and UB. 

Our model fit suggests the existence of superluminal 
motions for components UA3, UB, and UC (/3app ~7/i~^; 
sec Table 4). Wc identified components UC and UF with 
XC and XF, respectively (Paper I). The positions of UF 
are consistent with no superluminal motion, which sug- 
gests that it is a stationary feature in the jet. UF shows 
an optically thin spectrum. We detected no emission from 
components XD or XE above our 3 a level of 2.4 mJy in 
1999.57. Our non-detection implies an upper limit for their 
synchrotron spectra of a < — 1.34 and a < — 2.07. The 
disappearance of the jet beyond component UG might well 
be due to the prominent curvature displayed at 5 GHz, 
as shown in exquisite detail with VSOP (Lobanov et al. 
1998), and to a lesser extent in our 8.4 GHz VLBA images 
(Paper I). 

The ejection of a new component at mas scales re- 
ported by Otterbein et al. (1998) at epoch 1992.65, with an 
apparent superluminal motion of /i=(0.26±0.03) mas/yr 
has been directly related to gamma-. X-ray, and opti- 
cal activity observed in February 1992 by these authors 
(Otterbein et al. 1998). The intense radio activity shown 
in the inner 1.5 mas from our 15.4 GHz VLBA observa- 
tions seems to suggest the ejection of at least one new 
component. 

3.8. QSO 1039+811 

Our VLBA maps of QSO 1039+811 (Fig. 9, z=1.264) show 
a relatively simple, one-sided core-jet structure at an angle 
of -70°at pc-scalcs. The 15.4 GHz jet extends up to 3 mas 
{20 pc) from the core, a much less extended jet than 
seen at 8.4 GHz (8 mas long; see Paper I). The emission is 
heavily concentrated within the core region (UA), which 
contributes more than 94 % of the total VLBA flux den- 
sity at 15.4 GHz at both epochs. The remaining 6 % comes 
from the weak, relatively extended jet. Correspondingly, 
the ratio of the core-to-jet emission, Q, was as large as 21 
in 1999.57, and 19 in 2000.46, making of QSO 1039-^811 
the most compact, core-dominated QSO of the complete 
sample. The jet shows some substructure, which we are 
able to model as two components in the first epoch (com- 
ponents UBl and UB2; 50mJy). These components are 
model fitted as just one blended component at the second 
epoch, having almost the same flux density of UB1-I-UB2. 
Although our maps show that the jet morphology seems to 
have experienced dramatic changes between 1999.57 and 
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Fig. 9. VLBA images of QSO 1039+811 from observations on 
27 July 1999 (1999.57) and 15 June 2000 (2000.46). Axes are 

relative a and S in mas. Sec Tabic 1 for contour levels, syn- 
thesized beam sizes (bottom left in the figure), and peak flux 
densities. See Table 2 for component parametrization. 



Our model fit results do not show any evidence of back- 
wards motion in the jet, in contrast to what was reported 
for components XB and XC at 8.4 GHz (Paper I; also 
for XD, XE, and XF, without counterparts at 15.4 GHz). 
As noted in Paper I, such apparently contracting motion 



could be related to changes in the core region, e.g., the 
emergence of a component can induce, in its early stage 
of ejection, an apparent backwards motion of the rest of 
the jet components at cm wavelengths (e.g., Marcaide et 
al. 1985, Guirado et al. 1998, Ros et al. 1999). Our model 
fit also did not show the counterpart for component XB 
seen in 1999.41, at r ~ 0.4 mas of the core. We tried to set 
an upper limit to the position of such a component in our 
first epoch, 1999.57, by forcing a model fit of the core with 
two components. Although we managed to model the core 
with two components, the model fit was no better, and 
therefore we found that a second component is not needed 
to explain the emission from the core. We suggest that if 
a second such component does exist, it should have stayed 
at roughly the same distance (w0.2mas) at both epochs, 
and with an estimated uncertainty in its flux density of 
100%. 

The 15.4 GHz total fiux density of QSO 1039+811 de- 
creased by 12% between 1999.57 and 2000.46, changing 
from (926±2) mJy down to (826±3)mJy, which corre- 
sponds to a monochromatic luminosity of Li5ghz=(7.4 
to 8.3)xl0'^*W. The flux decrease is mainly due to the 
decrease in flux density of UA, from (883±2) mJy to 
(785±2)mJy (11% change). Assuming that the 8.4 GHz 
flux density of the source did not change between 1999.41 
and 1999.57, we obtain a=0.08, a flat spectrum for the 
milliarcsecond structure of QSO 1039+811. The inverted 
spectrum of component UA (auA/XA=0-34) supports our 
suggestion that this component is the core. 

3.9. QSO 1150+812 

Our 15.4GHz VLBA maps of QSO 1150+812 (Fig. 10, 
2;=1.250) show a one-sided core-jet structure directed 
southwards up to 4 mas (27/i~^pc) from the core. There 
is also a hint for very faint emission extending up to about 
5 mas, as our previous 8.4 GHz VLBA observations clearly 
confirm (Paper I). The 15.4 GHz total flux density of 
QSO 1150+812 slightly decreased from 946 mJy in 1999.57 
down to 907 mJy in 2000.46 (4% change). Its monochro- 
matic luminosity is Lisghz ~(8.0 to 8.3)xl0^* W, almost 
the same as the luminosity of QSO 1039+811, due to their 
very close values in redshift and flux density. Assuming 
that the 8.4 GHz flux density of the source did not change 
between 1999.41 and 1999.57, we obtain a -0.40, a 
moderately steep spectrum for the milliarcsecond struc- 
ture of QSO 1150+812. 

From the maps, there is no clear evidence of significant 
morphological changes in either the core or the jet struc- 
ture. Nevertheless, our model fit does show such evidence. 
We modeled the source (Table 2) with six components 
at each observing epoch. The fiux density of the bright- 
est component, UA, decreased from 405 mJy in 1999.57 
down to 355 mJy (-12%) in 2000.46, yielding 5min«2.1 
to 3.8. The ratio Q decreased from 1.46 in 1999.57 to 1.39 
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Fig. 10. VLBA images of QSO 1150+812 from observations 
on 27 July 1999 (1999.57) and 15 June 2000 (2000.46). Axes 
are relative a and (5 in mas. See Table 1 for contour levels, 
synthesized beam sizes (bottom left in the maps), and peak 
flux densities. See Table 2 for component parametrization. 



in 2000.46. We detected component UBl at a distance 
of r f«0.33 at an angle of 6'=(235°±5)°at both epochs. 
Component UB2 is at a distance r «0.65mas to 0.74 mas 
at an angle of 220°at both epochs. We suggest that com- 
ponent XB in Paper I, at distance r RiO.5 mas, is a blend of 
components UBl and UB2. UB2 seems to trace the curv- 
ing of the jet, changing from an angle of 235° (component 
UBl) to a value of 170°, as displayed by the southern 
components of the jet. Component UC seems to corre- 
spond to XC in Paper I. We obtain auc/xc = —1-53, if 



UC and XC correspond to the same physical feature of 
the jet. The increase in flux density for this component is 
28% between 1999.57 and 2000.46. Component UD is at 
a distance r = (2.25 ± 0.05) mas at an angle Q= 175°±5°. 
Very similar values of r and Q are found for XC (Paper I). 
Its flux density remained very stable. 

3.10. Bl 1749+701 

The 15.4 GHz VLBA observations of BL 1749+701 (Fig. 
11; ^;=0.770) show a core-jet structure directed to the 
west/northwest that extends up to 4 mas. We identify in 
the images up to seven Gaussian components (Table 2). In 
all images, the central region (UA+UB) contributes 70% 
to 80% of the total radio flux. This region extends up 
to a distance of 0.4mas (2.5/i~^pc), and we tentatively 
identify the brightest component, UA, with the core. The 
rest of the components, UC through UE, correspond to 
the jet, which extends up to r «4mas (25 pc). UC, at 
a distance of (1.15 ± 0.15) mas, is likely the base of the 
jet. The jet is oriented to the west/northwest at an angle 
-69°±9°for the inner 2.5 mas (16/i~^pc; components UC 
and UD), and then changes its direction northwards {Q=- 
55°±3°) aroimd a distance of (3.0±0.2) mas, keeping this 
orientation until the radio jet fades away. 

The 15.4 GHz total flux density of BL 1749+701 oscil- 
lated around a mean value of 416m.Jy between 1999.39 
and 2000.99 (19 months), with variations usually not ex- 
ceeding 7%. The corresponding monochromatic luminos- 
ity is ii5GHz «(l-2 to 1.3)xl0-''^W. The ratio of the core 
(taken as UA+UB) to the extended emission, Q, increased 
with time as follows: 2.4 (1999.39), 2.6 (1999.57), 2.9 
(1999.85), 3.9 (2000.46), and 4.6 (2000.99), in agreement 
with the increasing activity of the core region. Assuming 
that the 8.4 GHz total flux density of the source did not 
change between 1999.39 and 1999.41 (one week), we obtain 
a=0.0, showing a perfect flat spectrum for the source. The 
spectral index of component UA/XA is auA/xA=0-19, an 
inverted spectrum, which supports the suggestion that 
this is the core of the source. 

Our previous 8.4 GHz VLBA observations of 
BL 1749+701 (Paper I) showed the existence of two 
components, XB and XC, at distances of (0.45+0.05) mas 
and (1.2+0.1) mas of the core (at P.A.f»-60°), respec- 
tively. Component UB, at a distance of (0.3+0.1) mas, 
likely corresponds to XB. Similarly, component UCl, 
at (1.15+0.15) mas, is likely the counterpart of XC. In 
addition, we find another component between XC and 
XD, which we labeled UC2, at a distance of (1.6+0.2) mas 
from the core. This component is seen in the first three 
epochs (1999.39 through 1999.85), but was not detected 
later. This behaviour points towards real morphological 
changes in the inner 10/i~^pc of BL 1749+701, most 
likely the ejection and passage of components from the 
core. Components UD and UE belong to the weak, ex- 
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Fig. 11. VLBA images of BL 1749+701 from observations on 21 May 1999 (1999.39), 27 July 1999 (1999.57), 6 November 1999 
(1999.85), 15 June 2000 (2000.46), and 28 December 2000 (2000.99). See Tables 1-3 for contour levels, beam sizes (bottom left 
in the maps), peak flux densities, and component parametrization. Axes are relative a and 5 in mas. 
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tended jet. We identified UD with component XD (Paper 
I), based on their similar coordinates. Our model fit shows 
evidence for significant proper motions of components 
UB and UD, and of marginal significance for UC2 (see 
Table 4). The apparent proper motion of component UD 
coincides with the reported separation rate by Gabuzda 
et al. (1992) for their component K2. We hope to unam- 
biguously confirm or rule out the existence of this proper 
motion from our astromctric analysis. Component XE 
(Paper I) could be a blend of two components, namely 
UEl and UE2. At the position of UEl the jet suddenly 
changes its direction of propagation, towards the north 
(r=(3.0±0.2)mas; w -58°). In our 15.4 GHz observa- 
tions of 1999.57, this component seems to correspond to 
XE (epoch 1997.93; Paper I). We fail, however, to fit this 
component at epochs later than 1999.57. Our model fit 
shows a backwards superluminal motion for component 
UE2 (Table 4). We are skeptical about this motion, given 
the strong flux and morphological variability of the source 
beyond component UD. We do not detect any emission 
above 3a at angular distances > 4.0 mas from the core, 
implying a spectral index aijp/xF=-{'^-^ to 3.5). 

3.11. QSO 1803+784 

The 15.4 GHz VLBA maps of QSO1803-h784 (Fig. 12; 

2=0.680, Veron-Cctty & Vcron [2003]) reveal the same 
basic emitting structure seen at 8.4 GHz (Paper I); a one- 
sided core-jet oriented westward (P.A.« —90°). (Note that 
1803+784 has been previously classified as a BL Lac ob- 
ject, but is now considered to be a QSO [Veron-Cetty 
& Veron 2003]). There are, however, significantly differ- 
ent features that appear in our model fit (Table 2), com- 
pared to our 8.4 GHz observations. We characterize rea- 
sonably well the source with six components, instead of the 
eight needed at 8.4 GHz, because of significant absorption 
at 15.4 GHz of the jet emission at r ^ 4 mas (we barely 
detect emission above 3f7, which cannot be adequately 
model fitted). From our model fits, it follows that the 
inner 0.8 mas (4.9/i~^pc) structure needs at least three 
components (UA, UBl, and UB2) to describe this region 
adequately describe this region, in contrast with the two 
components found at 8.4 GHz (XA and XB). We iden- 
tify the brightest component, UA (likely the core), with 
component XA. Components UBl and UB2 indicate the 
transition of the core to the jet region, and we suggest that 
component XB could be a blend of the two components 
seen at 15.4 GHz. The source structure at r > 1 mas is well 
characterized at 15.4 GHz by three components, UG, UD, 
and UE. Whilst the positions of UC and UD agree well 
with those of XC and XD, respectively (Paper I), we did 
not find clear counterparts for component XE, -at least 
for the first three epochs- nor for XF, XG, and XH. 

The 15.4 GHz total fiux density of QSO 1803+784 
changed significantly from epoch to epoch (up to 26% 



between 1988.84 and 1999.57). Its monochromatic lumi- 
nosity is ii5GHz »(5.3 to 6.6)xlO^^W. The innermost 
regions of QSO 1803+784 (r < 1 mas, equivalent to a lin- 
ear distance of 6.4/i~^pc) encompass components UA, 
UBl, and UB2. The contribution of this innermost re- 
gion to the total flux density amounts to 80% to 94%, de- 
pending on the epoch. (If we include component UG/XG, 
then the above figures become 93% to 98%, in agree- 
ment with the percentages reported in Paper I.) The to- 
tal fiux density variability of QSO 1803+784 closely fol- 
lows that of the brightest component, UA, and is also 
partially modulated by fiuctuations in the flux density of 
UBl and UB2. The ratio of the core (taken as UA+UBl) 
to the extended emission, Q, confirms that the activity 
of QSO 1803+784 is core-dominated: 3.3 (1998.84), 5.2 
(1999.57), 4.1 (1999.85), and 3.3 (2000.46). 

Assuming that the 15.4 GHz total VLBI flux density 
of the source did not vary noticeably between 1999.41 
and 1999.57, we obtain q;=0.41, a rather inverted spec- 
trum for the milliarcsecond structure of QSO 1803+784. 
Similarly, we obtain the following indices for each com- 
ponent: q;ua/xa=0.39, q;(ubi+ub2)/xb=1-0, auc/xc = 
—0.04, q;ud)/xd ~ —0.70, and auE/XE «0.52. The spec- 
tral indices of UA and UB correspond with those ex- 
pected for the innermost regions of the core, and those 
of UC and UD with what is expected in the inner-to- 
outer jet region. The value of qiue/xe is not expected for 
an optically thin component. While the non-simultaneity 
of the 8.4 GHz and 15.4 GHz could have some effect, it 
could also be that our component UE is indeed the re- 
sult of the blending of XE and XF, in which case we 
obtain q;ue/(xe-i-xf) ~ —0.63, a more typical value for 
an extended jet component. Our non-detection of signif- 
icant emission around the positions of components XG 
and XH allows us to set upper limits for the spectral in- 
dices of these components {5a): Q!ug)/xg ~ ~ 2.6, and 
Q!uH/XH ^ - 2.4. 

The study of this source by VLBI is likely to give us 
relevant information on the kinematics and morphologi- 
cal changes of their innermost regions. The dramatic flux 
density variations displayed by the innermost regions of 
QSO 1803+784 along with the identiflcation of a complex 
structure close to the core point to a possible ejection of 
components from the central engine. Another remarkable 
aspect of QSO 1803+784 is the stationarity of a compo- 
nent at (1.3±0.1)mas. Schalinski (1990) suggested the ex- 
istence of such a (stationary) component at 1.2 mas from 
the core. Krichbaum et al. (1993, 1994) used 43 GHz VLBI 
observations to show the existence of traveling compo- 
nents between the core and this component, setting it at a 
distance of 1.4 mas from the core. Both our 15.4 GHz and 
8.4 GHz observations show this component (UC/XC) to 
be at (1.45+0.05) mas, and no sign of any component at 
1.2 mas existed between 1998.84 and 2000.46. We therefore 
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Fig. 12. VLBA Images of QSO 1803+784 from observations on 1 November 1998 (1998.84), 27 July 1999 (1999.57), 6 November 
1999 (1999.85), and 15 June 2000 (2000.46). See Tables 1-3 for contour levels, beam sizes (bottom left in the maps), peak flux 
densities, and component parametrization. Axes are relative a and 5 in mas. 



suggest that there docs indeed exist a stationary compo- 
nent at «1.4mas (9/i~^pc) from the core. 

3.12. QSO 1928+738 (4C 73.18) 

QSO 1928+738 (Fig. 13, z=0.3021) is the most extensively 
studied radio source of the complete S5 polar cap sample, 
and the one that shows the richest structure. Our 15.4 GHz 
VLBA maps display a core-jet structure, with the jet 
southward-oriented (at an angle of 160°), and extend- 
ing up to 11.5mas (49/?"ipc). The 15.4GHz total flux 
density of QSO 1928+738 decreased from 3006 mJy down 



to 2889 mJy (4% change). Assuming that the 8.4 GHz 
flux density of the source did not vary signiflcantly be- 
tween 1999.41 and 1999.57, we obtain a=0.02, a remark- 
ably flat spectrum for the milliarcsccond structure of 
QSO 1928+738. We fitted reasonably well the brightness 
radio structure of QSO 1928+738 with nine components 
(Table 2). Wc model the innermost region (r < Imas, 
corresponding to a linear distance of 4.3/i~^pc), with 
three components: UA, UBl, and UB2. Component UC 
(r=1.2mas at P.A.=152°) indicates the transition from 
the innermost to the outermost structure of the jet. 
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UA, the brightest component of QSO 1928+738 at 
both epochs, is not at the origin of coordinates, but to 
the north at r=(0. 35+0.05) mas from the origin, at an 
angle of -18°±2°. Component UBl is at the origin, and 
component UB2 is at r=(0.35±0.05) mas at an angle of 
145° ±5°. The total intensity emission is dominated by 
this innermost region. Indeed, the combined emission from 
components UA, UBl, and UB2 amounts to 71% (70%) of 
the total at the first (second) epoch. The inclusion of the 
closest jet components up to a distance of 3 mas increases 



those figures to 96% and 94% on 1999.57 and 2000.46, 
respectively. The ratio of the emission from the core re- 
gion (taken here as UA+UBl) to the extended emission 
was Q=l.l in 1999.57, and Q=0.9 in 2000.46. Although 
the compactness of the source is thus moderate, the over- 
all source activity seems to be driven by the core, as the 
total flux density closely follows the core behaviour. 

The spectral index of the innermost component, UA, 
is auA/XA=0.04, as one would expect if UA were the core. 
Note that though the total intensity of QSO 1928+738 
only varied by 4% between 1999.57 and 2000.46, the flux 
density of each component varied much more strongly. The 
decrease in flux density of UA, together with its change 
in position (a shift of 0.13 mas northward), could indicate 
that a component was ejected around or before 1999.57. 
Assuming this is the case, our model fit for UA at the 
second epoch suggests that the core is at least 0.4 mas to 
the north of component UBl, in agreement with previous 
estimates (e.g., Guirado et al. 1998, Ros et al. 1999). 

Component XC (Paper I) is likely a blend of com- 
ponents UB2 and UC. As mentioned earlier, compo- 
nent UC is a signpost in the inner-to-intermediate struc- 
ture of the jet. Prom this position onwards, the jet dis- 
plays a noticeable change in its direction, from 150°at 
r=1.25±0.05mas (UC) to 160°at r =2.55+0.05 mas (UD). 
Component UE at r=3. 05+0. 05 mas at ^=173°, shows a 
sudden change in the main orientation of the jet, which 
at the distance of component UF (r=3. 95+0. 05 mas) re- 
covers its initial orientation (^=162°+2°). Component 
UG (r =5.45+0. 15 mas; 6l=166°+2°) signals a first ter- 
mination of the jet at a linear distance of 25h~^pc. 
The 15.4 GHz jet reappears at almost twice that distance 
(r=11.55+0.05mas, corresponding to 50h~^pc, at an an- 
gle of 167°). We identify this component, UI, with com- 
ponent XI (Paper I), which is found at essentially the 
same distance and angle, and suggests it is a station- 
ary component of the jet. The extended jet structure of 
QSO 1928+738 at 8.4 GHz (Paper I) is richer in compo- 
nents than the one seen at 15.4 GHz. In particular, we 
fail to detect any significant emission beyond component 
UI (r=11.6mas), while the 8.4 GHz VLBA jet extends at 
least out to (25 + 1) mas. 

The activity of QSO 1928+738 is so intense that 
the task of identifying components from VLBI obser- 
vations taken at different epochs and frequencies be- 
comes challenging. For example, the astrometric stud- 
ies carried out by Guirado et al. (1998) and Ros et al. 
(1999) indicated that the core position of QSO 1928+738 
is to the north of the reference point chosen in earlier 
works. Ros et al. (1999) estimated the offset between 
the true core position and their 8.4 GHz observations to 
be about 1.5 mas to 2 mas. Our previous 8.4 GHz obser- 
vations (Paper I) showed component XA to be at r = 
0.65 + 0.15 mas northward. The shift we find for its coun- 
terpart at 15.4 GHz, UA, is, however, significantly smaller 
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(r = 0.35 ± 0.05 mas). If, as Guirado et al. and Ros et al. 
suggested, the "true" core is very much self-absorbed, we 
should expect to see a 15.4 GHz VLBI component north- 
ward of the 8.4 GHz component detected in Paper I (i.e., 
UA northward of XA). We fail, however, to detect such 
a component. A likely explanation is the potential confu- 
sion in the identification of components at 8.4 GHz and 
15.4 GHz, despite our relatively close campaigns in 1999. 

Another remarkable point is the proper motion of com- 
ponents in the jet of QSO 1928-^738. Ros et al. (1999) re- 
ported a mean proper motion of (0.32±0.10) mas/yr for 
components in the inner 2.5 mas of the jet. Our model fit 
for the innermost regions of QSO 1928-1-738 does not, at 
this stage, show evidence for such large motions. Murphy 
et al. (2003) have recently reported a wide range of 
proper motions in QSO 1928-1-738, from nearly station- 
ary (0.02 mas/yr or 0.5 c) to relatively fast (0.82 mas/yr or 
19 c), based on VSOP observations. Unfortunately, there is 
no reference in their work to make it possible to identify 
which regions show superluminal motions. The authors 
mention that their model fitting shows that a relativistic, 
variable speed-ejecta ballistic model is preferred over a rel- 
ativistic helical-jet model. If this is the case, then it is no 
surprise that component identification is so difficult for the 
source, especially if observations are widely spaced in time. 
Our quasi-simultaneous VLBA observations at 15.4 GHz 
and 43 GHz will shed light on the above two controver- 
sial issues (component identification and proper motion), 
and might be very useful in setting stringent limits on the 
putative core position. 

3.13. BL 2007+777 

Our VLBA maps of BL 2007-^777 (Fig. 14, z=0.342) dis- 
play a one-sided core-jet structure oriented westward. The 
jet extends up to 6.9 mas (31 h~^pc). The 15.4 GHz total 
flux density of BL 2007-1-777 seems to have steadily in- 
creased between 1999.57 and 2000.46, from 825 mJy up to 
1258 mJy (52%). From then on, the source started to fade 
down to 948 mJy in 2001.17, corresponding to a decrease 
of 25% in less than nine months. Its monochromatic lumi- 
nosity is quite modest (ii5.4GHz ~(4.3 to 6.6)xl0^'^ W); 
it is the least powerful source after BL 0454-1-844. 

We fitted its brightness radio structure with six com- 
ponents at all epochs except 2000.46, where only five com- 
ponents were model fitted (Table 2). We need up to four 
components (UAl, UA2, UBl, and UB2) to adequately 
describe the inner 1-mas region {4.6 pc). In contrast, 
the modeling of this region at 8.4 GHz required only two 
components, one at the origin (XA), and a second one at 
r = 0.55 ±0.05 mas (XB). The brightest 15.4 GHz compo- 
nent at all epochs is UAl, which is not at the origin, but 
shifted 0.3±0.1 mas eastward. This component went unde- 
tected at 8.4 GHz (Paper I). If this finding is confirmed by 
our 43 GHz observations, we have another case, along with 



those of QSO0212-F735 and QSO 1928-^738, in which the 
core position is shifted from the reference point normally 
used, the peak-of-brightness. Component UA2 is at the 
origin, component UBl is at r=0.35±0.05mas at angle - 
85°, and component UB2 is at r=0.85±0.25mas at angle 
-83°±7°. Our model fit shows a significant proper motion 
for component UBl, and marginally significant ones for 
UAl, UC, and UF (Table 4). The model fitting proce- 
dure merged UBl and UB2 into just one component in 
2000.46. Note that the flux density of UBl in 2000.46 is 
more than 50% greater than at the other three epochs, 
and close to the common flux of UB1-I-UB2 in the closest 
epochs. Hence we suggest that the motion of an unde- 
tected component, probably traveling from UA2 toward 
UC (and passing through UBl), could be responsible for 
the blending. This could, in turn, explain the apparent 
paradox of a forward superluminal motion of UBl, and a 
backward one for UC. The ratio Q of the emission from the 
core region (taken as UA1-I-UA2) to the extended emission 
shows a moderate dominance of the core which modulates 
the overall emission: 1.59 (1999.57), 1.63 (1999.85), 1.71 
(2000.46), and 1.21 (2001.17). The total intensity emis- 
sion is strongly dominated by that of the innermost region 
(the inner 5h~^ pc). Indeed, the combined emission from 
components UAl, UA2, UBl, and UB2 amounts to 90% 
of the total at both epochs. Component UC contributes 
3% to 9%, and component UF 2% to 5%. Assuming 
that the 8.4 GHz flux density of the milliarcsecond struc- 
ture of BL 2007-1-777 did not change appreciably between 
1999.41 and 1999.57, we obtain q;=-0.16, a moderately 
steep spectrum. Despite the non-varying global contribu- 
tion to the flux density from the inner 1 mas structure of 
BL 2007-1-777, significant fltix density variations do exist 
for each component. 

Component UC, at a distance of 1.28 ± 0.10 mas at 
P.A. -92°±5°is likely to correspond to component XC in 
Paper I. We fail, however, to see any clear counterpart 
to component XD (r = 1.65 ± 0.05 mas at angle -92°±6°; 
Paper I). We encounter a similar situation with respect 
to component XE (r = 4.75 ± 0.05 mas at -100°), for 
which we only find a clear counterpart in our last epoch 
(UE, at r Ri5.1mas at P.A. w —106°). This component 
indicates a curvature in the jet of BL 2007-1-777, as con- 
firmed by our previous 8.4 GHz VLBA observations (pa- 
per I), and VSOP observations at 5 GHz (Peng et al. 
2000, Jin et al. 2001). From the images, there are hints 
for the existence of component UE at the other epochs, 
with marginal detections just above 3(t, but which our 
model fit failed to reproduce. If real, the inferred spec- 
tral index is auE/XE ~ ~ 1-9- The 15.4 GHz jet reappears 
at an angular distance of r = 6.5 ± 0.4 mas, at an angle 
of w —95° (component UF). The similar component at 
8.4 GHz (XF in Paper I), is at r ~6.7mas, which agrees 
relatively well. In the maps, there seems to be more than 
just one, albeit weak, component around 6 mas to 7 mas 
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Fig. 14. VLBA images of BL 2007+777 from observations on 27 July 1999 (1999.57), 6 November 1999 (1999.85), 15 June 
2000 (2000.46), and 4 March 2001 (2001.17). See Tables 1-3 for contour levels, beam sizes (bottom left in the maps), peak flux 
densities, and component parametrization. Axes are relative a and 5 in mas. 



westward. Although the model fit could not confirm our 
suspicion, we suggest UF is the blending of at least two 
sub-components, which would explain the large variations 
we find in its radial coordinate. 

Our non-dctcction of a component around 1.7 mas 
to 2.0 mas might be somewhat uncomfortable, since this 
component seems to have been detected also by 5 GHz 
VSOP observations close to those reported in Paper I 
(Krichbaum et al. 2000). Although the use of these data 
(taken at diff'erent wavelengths and with diff'erent arrays) 
casts some doubts on their identification, we propose the 
following explanation: Component UAl is the stationary 



core of BL 2007+777, which lies at r > 0.2 mas to 0.4 mas 
eastward from the point normally used as reference. At 
lower frequencies, UAl is not seen alone, but as a blended 
component (UA), at the origin. If we simply subtract the 
shift, the position of the "unseen" component would cor- 
respond with that of UC. 

4. Summary 

We observed the thirteen extragalactic radio sources of 

the S5 polar cap sample at 15.4 GHz with the Very Long 
Baseline Array, on 27 July 1999 (1999.57) and 15 June 
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2000 (2000.46). We present the maps from those two 
epochs, along with maps obtained from observations of the 
2 cm VLBA survey for some of the sources of the sample, 
making a total of 40 maps. Our observations correspond 
to the first two epochs at 15.4 GHz of a program directed 
to stiidy the absolute kinematics of the radio source com- 
ponents of the members of the sample, by means of phase 
delay astrometry at 8.4 GHz, 15.4 GHz, and 43 GHz. We 
summarize our main findings from our VLBA imaging at 
15.4 GHz of the sources of the complete sample as follows: 

— All of the 13 radio sources display at 15.4 GHz 
prominent one-sided jet structures, except for 
QSO 0615-1-820. This source shows the most intrigu- 
ing radio structure of all the sources of the sample, 
displaying a complex structure despite being the most 
compact QSO of the sample (l ^ 15.4/i~^pc). 

— The imaging at 15.4 GHz yielded a better resolved view 
of the sources, compared to our previous imaging at 
8.4 GHz (Paper I). In this way, we were able to disen- 
tangle the inner milliarcsccond structure of some of the 
sources, thus resolving out components that appeared 
blended at 8.4 GHz. For most of the sources we iden- 
tified the brightest feature in each radio source with 
the core. These identifications are supported by the 
spectral index estimates for those brightest features {a 
ranges from 0.04 up to 1.99) except for QSO 0615+820, 
for which we find a=-0.69 for the apparent core of 
the source. Higher frequency observations might be of 
great help to disentangle the radio brightness struc- 
ture of this challenging object. The putative core of 
QSO 1150-1-812 also shows a moderately steep spec- 
trum (q « —0.13). 

— The sources cover a wide range of luminosity values 
that spans almost four orders of magnitude: from the 
least luminous object, BL 0454+844 (Xisghz «(0.6 
to 1.3)xl0"^^ W), up to the most luminous one, 
QSO 0212+735, with a monochromatic luminosity of 
J^i5GHz = (9.25 ± 0.05) X 10^^ W. The luminosity of 
QSO 0212+735 is so impressive that its weakest com- 
ponent (UG, at the not less impressive distance of 
85hr^pc from the core) has Li5ghz w1.2x 10"^*^ W, 
about 100 times more powerful than BL 0454+844, and 
competes in power with several other sources of the 
complete sample. 

— Most of the sources show core-dominance in the over- 
all emission, as given by the core-to-extended ratio, 
Q. Indeed, Q is significantly greater than unity for 
most sources and epochs. Nevertheless, there is a large 
spread in the values of Q, indicating a corresponding 
spread in the core dominance. The four sources with 
the largest core dominance are BL 0716+714 (Q = 6 to 
22), QSO 1039+811 (Q = 19 to 21), for BL0454+844 
(Q = 9 to 16), and QSO 0016+731 (Q = 4 to 11). The 
rest of the sources show moderate-to-large core dom- 



inance, with values in the range 1.3 to 5.2. The two 
sources with the lowest Q values are QSO 0212+735 
(Q = 0.8 to 1.0) and QSO 0615+820 (Q = 0.9 to 1.4). 
While QSO 0212+735 has a low value due to the emis- 
sion strength of its innermost jet structure, the case 
of QSO 0615+820 is slightly different. Here, the halo- 
like, albeit relatively compact, emission competes in 
strength with the component we tentatively identify 
with the core (UAl). 
— Three of the sources have the most inverted spec- 
trum component shifted with respect to the ori- 
gin in the map, which approximately coincides 
with the peak-of-brightness at both 15.4 GHz and 
8.4 GHz. At 15.4 GHz, the offsets of these in- 
verted components arc: QSO 0212+735, Ar=0.6mas; 
QSO 1928+738, Ar=0.35±0.05mas; BL 2007+777, 
Ar=0.25±0.05mas. Our 8.4 GHz observations in 
1999.41 (Paper I), close to our first 15.4 GHz obser- 
vations (1999.57), also show offsets for QSO 0212+735 
(Ar RJ 0.6 mas) and QSO 1928+738 (Ar w 0.5 mas), 
but not for BL 2007+777, whose peak-of-brightness co- 
incides with the origin in the map. In the standard 
synchrotron self- absorption theory, the high-frequency 
components are closer to the central machine than the 
low-frequency ones. Within their positional uncertain- 
ties, we find that the source morphologies of those ob- 
jects, as seen at 8.4 and 15.4 GHz, are satisfactorily 
explained by the standard scenario. 
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